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Increasing interest of the public for using "environmentally friendly" 
products has increased greatly within the last fifteen years. The paper industry 
has been a major contributor in helping to recycle paper. Unfortunately, wet­
strength paperboard contributes a large amount of unrecoverable secondary 
fiber, much of which is disposed of in landfills. In fact, approximately 650,000 
tons of bottle carriers are used in the United States, most of which are disposed 
of in landfills (1 ). The problem with repulping wet-strength paperboard is its 
resistance to breaking down when exposed to moisture. Much of this wet­
strength resistance results from chemical additives in the paperboard, which 
provide resistance to moisture through cross-linking. This inability of repulping 
wet-strength paperboard is a major and continuing problem for the pulp and 
paper industry (2). 
When water and cellulose are exposed to an aqueous media, the 
fiber-to-fiber bonds do not stay together and are destroyed. The addition of 
wet strength resins provide cross-linking between the fibers that enable the 
product to remain together during wet conditions. Cross-linking from the 
resins provide an extra bond between the fines and fibers that are not 
destroyed by the presence of water (3). The major disadvantage of using wet 
strength resins is that they are useless without the presence of hemicelluloses. 
3 
Thus only the pre-existing bonds interact with the resins, without creating any 
new resin bonds in the fibers (4). In order for a paper to be considered wet 
strength paper, it must maintain more than fifteen percent of the tensile 
strength when it is exposed to moisture (3). 
The most common wet strength resin used in many of the paper or 
paperboard is a neutral/alkaline curing resin. See Figure 1 (4). 
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Figure 1. Neutral/Alkaline Curing Polymeric Amine/Amide­
Epichlorohydrin 
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The resin that is used from this group is polymeric amine/amide­
epichlorohydrin and the categorization of this resin is due to the backbone 
polymer chemistry or by the reactivity. These resins are of polyamine (amino­
polyamide) and epichlorohydrin cationic water soluble condensates. They do 
not need acidic conditions to polymerize in the paper. Polymeric amine/amide­
epichlorohydrin resins are the most important commercial thermosetting 
products used in producing wet strength paper. They also have the ability to 
be absorbed by the fiber in the neutral to alkaline furnishes (4). 
Polymeric amine/amide-epichlorohydrin resins are formed by reacting an 
amine-containing polymer or polyamine with an epoxide that has a second 
functional group in a water solution. The compound that is typically used is 
epichlorohydrin. This epichlorohydrin alkylates and cross-links with the 
polyamine to a moderate molecular weight. This allows the formation of 
tertiary or quaternary groups which allows a cationic resin to be contained with 
the reactive groups. This process results in and promotes cross-linking. This 
reaction is then halted by reducing the pH or by dilution to produce acid salts 
form the converted amine groups (5). Polymeric amine/amide-epichlorohydrin 
resins maintain a reel wet strength of around fifty percent and after a time of 
approximately three weeks full wet strength properties are obtained (4). 
An experiment conducted by Gruntfest and Young (5) shows that wet 
























considerably reducing the fiber length. Repulping wet-strength paperboard 
also requires more electrical energy, thermal energy, time and money 
compared to using virgin pulp (2). 
The significance in finding new methods for recycling wet-strength 
paper is beneficial for not only environmental purposes, but for marketability 
as well. The use of less energy, chemicals, and virgin pulp will help save our 
natural resources and help to preserve the natural environment. 
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When comparing the two base runs for tensile strength, control 11, which was 
blended for 15 minutes, had a tensile strength of .7010 kN/m compared to 
control I, which was blended for 7 minutes, had a tensile strength of .6440 
kN/m. The yield percentage was calculated and compared for this experiment. 
The yield that resulted from control 11, which was blended for 15 minutes, 
resulted with 90% yield, whereas control I, which was blended for 7 minutes, 
resulted in 85% yield. This demonstrates two things. First, that increased 
blending time broke the pieces apart better and gave more usable fiber for 
making handsheets. Second, temperature and soaking time of 180 F for two 
hours assisted in penetration of the water and heat to the bottle carrier 
paperboard pieces before blending. Comparing the results for percent yield 
and tensile on the base run, the blending time of 15 minutes for control II gave 
better results over control 1. For the majority of the discussion the base run 

























GRAPH 1: TENSILE STRENGTH 
CONTROL I VS CONTROL II 














RCENTAGE YIELD GRAPH 2: PE 


























The use of sodium hydrosulfite versus the control II still. proved to be 
more effective. See Table 5. 
Table 5 
Control II (15 min) 
Sodium Hydrosulfite 2.6% 





The highest tensile strength value of the sodium hydrosulfite concentration of 
2.6% was .8326 kN/m and the lowest tensile strength value of the 
concentration of 5.2% was .7758 kN/m. The values are still higher than not 
using chemical reagents, but not as effective for producing a tensile strength of 




























GRAPH 3: TENSILE STRENGTH 
CONTROL II VS HYPOCHLORITE 
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GRAPH 4: TENSILE STRENGTH 
CONTROL II VS SODIUM HYDROSULFITE 
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GRAPH 5: TENSILE STRENGTH 
SODIUM HYDROSULFITE VS HYPOCHLORITE 
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The highest yield value from the sodium hydrosulfite of 61% resulted from the 
concentration of 2.6%, whereas the lower yield value of 58% resulted from the 
concentration of 5.2%. These values are low compared to the 90% yield from 
control 11. When comparing the highest and optimum values for hypochlorite 
and sodium hydrosulfite, the hypochlorite resulted with a higher yield value of 
63% compared to the sodium hydrosulfite of 61 %. However, the values are not 












GRAPH 6: PERCENTAGE YIELD 
CONTROL II VS HYPOCHLORITE 
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GRAPH 7: PERCENTAGE YIELD 
CONTROL II VS SODIUM HYDROSULFITE 
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GRAPH 8: PERCENTAGE YIELD 
SODIUM HYDROSULFITE VS HYPOCHLORITE 
Sodium Hvdrosulfite 2.6% Hvoochlorite 5.2% 
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Hypochlorite9 5.2%9 63%9 1.06779kN/m9
























GRAPH 9: TENSILE STRENGTH VS YIELD % 
HYPOCHLORITE 
63% --t-----1------t-----+-----,1------+----+---------I 
0.75 0.80 0.85 0.90 0.95 1.00 












GRAPH 10: TENSILE STRENGTH VS YIELD% 
SODIUM HYDROSULFITE 
58% -+---------+----+------1----+-----�-----1---� 
0.77 0.78 0.79 0.80 0.81 0.82 











The cost of the hypochlorite was roughly around $2.00 per gallon. Whereas, 
the cost of the sodium hydrosulfite was $11.50 per kg. With comparing the 
percent yield, tensile strength, and cost, it is found that the use of hypochlorite 
is much more economical. See Graph 11. 
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GRAPH 11: COST 







Sodium Hvdrosulfite Hvoochlorite 
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VI. CONCLUSIONS
• Combination of mechanical shear and hypochlorite at 5.2% achieved the
highest tensile strength.
• Control II resulted with 90% yield. This was the highest compared to all
other runs.
• Hypochlorite proved to be the most effective reagent in testing tensile
strength, percent yield, and cost.
• Soaking times and temperature proved to be effective variables of the
experiment.
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